Figure 1. Sequence Alignment of PAK, WASP, and ACK
The sequences of PAK and WASP in the region of the IS domain are aligned based on their structures, while ACK was positioned by alignment with the CRIB domain alone. The secondary structural elements of the autoinhibited and activated conformations of the PAK IS domain are shown above the alignment in light and dark colors, respectively. The PDB sequence used for determining the Cdc42-bound structure is underlined in blue. Residues in PAK that bind Cdc42 upon activation and are also involved in either the dimer interface or in stabilizing the fold of the IS domain are indicated as magenta circles and red squares, respectively.
full-length WASP molecule and delineated the limit do-
Autoinhibition by the PBD: The Inhibitory Switch (IS) Domain main of the PBD that was capable of binding to the VCA region. Likewise, a short sequence within the cofilin The structures of the autoinhibited forms of WASP and PAK reveal that the PBD is embedded in a larger, struchomology region (CHR) was identified as the limit domain required for interaction with the PBD. The authors turally conserved, inhibitory domain responsible for maintaining these proteins in a basal (autoinhibited) prepared a fusion protein between the PBD and the CHR domains, linking the two domains with a short flexible state. The inhibitory domain is referred to as the inhibitory switch (IS) due to the conformational changes inpeptide. Thus, their NMR structure represents a minimal autoinhibitory unit for WASP and presumably reconduced by Cdc42 that lead to effector activation (described below). Remarkably, the structure of the IS structs interactions critical for maintaining the basal state of the full-length protein.
domains in the autoinhibited forms of PAK and WASP are very similar and function as part of a compact folded Lei et al. similarly engineered a minimal autoinhibitory structure for PAK. Capitalizing on the finding that an module comprised of three architectural elements (Figure 2) . Two of these structural elements are derived N-terminal fragment of PAK including the CRIB domain was able to bind and inhibit the full-length kinase (Frost from the IS domain itself, an N-terminal ␤ hairpin that immediately follows the conserved CRIB sequence and et al., 1996), they were able to crystallize a complex between the independently expressed kinase and inhibia central bundle of three ␣ helices. The WASP structure contains an additional helix C terminal to this bundle, tory domains of PAK. The kinase domain of PAK adopts the familiar two-lobed structure seen in all known kiwhile in PAK this helix is replaced by a peptide segment that is responsible for inhibiting the kinase activity. The nases (Johnson et al., 1996) . A surprising result, however, is that PAK exists as a dimer in the crystal structure.
third critical structural component of the inhibited fold is an additional helical segment that is distinct from the This finding was unanticipated by previous work but elegantly confirmed biochemically for soluble full-length IS domain. In the case of WASP, this additional helix corresponds to the limit peptide of the cofilin homology PAK using gel filtration, analytical ultracentrifugation, and dynamic light scattering. Moreover, the dimerization region that retains binding activity toward the PBD. The interaction of the IS domain with this cofilin-like helix is interface is formed by a pair of ␤ strands, one from each monomer, which generate an antiparallel sheet, and part directly responsible for the inhibition of WASP activity. Mutagenesis studies have implicated a conserved basic of this interface corresponds to the conserved CRIB motif. Within the dimer lies an inhibitory structure nearly sequence within the cofilin homology region (CHR) of WASP in Arp2/3 binding (Bi and Zigmond, 1999). Resiidentical to that first described for WASP. The ability of the conserved CRIB motif to function as part of a comdues within the conserved basic sequence of the CHR contribute to intramolecular interactions between this mon regulatory element influencing two very divergent signaling proteins warrants a closer look.
helix and the IS domain in the autoinhibited conforma- The autoinhibitory mechanism for PAK appears to be binding of Cdc42 extracts this entire layer from the IS domain such that the GTP binding protein forms conmore complex (Figure 2) . Inhibition of the kinase activity is achieved by sterically occluding the active site tacts with the face of the ␤ hairpin and ␣1 helix that formerly contributed to the hydrophobic core of the through dimerization, as well as through the placement of a kinase inhibitory (KI) segment in the active site.
folded IS domain. In the case of WASP, the ␣1 helix packs against the helical region of the switch II domain However, stabilizing the KI segment in the active site is a set of interactions between the folded IS domain of of Cdc42, thus disrupting part of the binding site for the CHR helix and contributing to the release of this PAK and helix G from the large lobe of the kinase, completely analogous to the packing of the CHR helix inhibitory interaction. More importantly, this mode of Cdc42 binding is sterically incompatible with the folded against the IS domain of WASP. Residues involved in contacts between the IS domain of PAK and helix G IS domain and is likely to drive the unfolding of this domain, completely eliminating the inhibitory interacwere anticipated to be critical in the autoinhibitory mechanism from studies showing that mutations at tions and giving rise to effector activation. The contacts between the IS domain and helix G of these positions yield a constitutively active kinase. Once properly oriented, the KI segment of PAK stabilizes the PAK are not directly inhibitory as they are for the WASP CHR helix; rather, these contacts serve to stabilize the inhibitory conformations of two key structural components of the active site (helix C and the activation loop) KI segment in the kinase active site. Unfolding the IS domain would presumably destroy these stabilizing conin a manner similar to that seen in other autoinhibited kinases (Johnson et al., 1996). Additionally, a lysine resitacts and release the KI segment, thus activating the kinase. Moreover, the ␤1 strand of the PAK-PDB is critidue from the KI segment further blocks the active site by forming salt bridges with two catalytically important cal for the formation of the dimerization interface and continues as an extended strand into the ␤ hairpin of the aspartate residues.
An important unresolved question is whether these IS domain in the autoinhibited structure. Cdc42 binding disrupts this strand, creating a ␤ bulge centered around inhibitory contacts in PAK occur in an intramolecular fashion or if dimerization is required for intermolecular residue 85 of PAK. While the ␤ hairpin observed in the autoinhibited structure is preserved, the ␤ bulge effecinhibition. The dimer in the crystal structure is comprised of four independent domains, two kinase domains, and tively rotates the N-terminal portion of the first ␤ strand away from the core of the IS domain such that the dimertwo IS domains, and it is not possible to determine from the structure which pair of kinase and inhibitory domains ization interface is occluded. Thus, PAK activation appears to involve both the unfolding of the IS domain and will be covalently connected in the full-length protein. 
